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APPARATUS AND METHOD FOR
DETERMINING INTERLEAVED ADDRESS OF
TURBO INTERLEAVER

PRIORITY

This application claims priority under 35 U.S.C. §119(a) to
an application filed 1n the Korean Intellectual Property Office

onAug. 11, 2009, and assigned Serial No. 10-2009-0073744,
the contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to mobile commu-
nications and, in particular, to an apparatus and method for
determining interleaved addresses of a turbo 1nterleaver 1n a
mobile communication system.

2. Description of the Related Art

In mobile communication systems that are based on stan-
dards such as Wideband Code Division Multiple Access
(WCDMA) and High Speed Downlink Packet Access (HS-
DPA) of 3" Generation Partnership Project (3GPP), channel
encoders (such as, viterbi encoders and turbo encoders) and
channel decoders (such as, viterbi decoders and turbo decod-
ers) are used in order to effectively remove noises on the
communication channel. For example, the transmitter per-
forms encoding on the transmission data by means of a turbo
encoder and the recerver performs decoding on the recerved
data by means of a turbo decoder, in a digital communication
system.

In order to improve encoding and decoding performance,
the turbo encoder and decoder are implemented with a turbo
interleaver. The turbo interleaver generates as many 1nter-
leaved addresses as defined by the interleaver size. The turbo
encoder (or decoder) performs encoding (or decoding) on the
data with the interleaved addresses. The turbo decoder oper-
ates a Transmission Time Interval (TTT) unit composed of a
plurality of code blocks as shown 1n FIG. 1.

In such a turbo decoder, the turbo interleaver generates the
interleaved addresses for every code block as depicted in FIG.
1, and, as a consequence, causes decoding delay of the turbo
decoder.

SUMMARY OF THE INVENTION

The present invention has been made to address at least the
above problems and/or disadvantages and to provide at least
the advantages described below. Accordingly, an aspect of the
present invention provides an apparatus and method for deter-
mimng interleaved addresses of the turbo interleaver that 1s
capable of reducing decoding delay at the turbo decoder.

According to one aspect of the present invention, a method
for determining interleaved addresses of a turbo interleaver 1s
provided. A new 1interleaving size of received data 1s com-
pared with a previously-stored interleaving size. When the
compared interleaving sizes are equal to each other, the
received data 1s decoded using previously-stored interleaved
addresses. When the compared interleaving sizes are different
from each other, the received data 1s decoded using new
interleaved addresses generated with the new interleaving
S1ZE.

According to another aspect of the present invention, an
apparatus 1s provided for determining interleaved addresses
of a turbo 1nterleaver. The apparatus includes a size compara-
tor that compares a new interleaving size of received data with
a previously-stored interleaving size. The apparatus also
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2

includes an address determiner which decodes the recerved
data using previously-stored interleaved addresses when the
compared interleaving sizes are equal to each other, and
decodes the received data using new interleaved addresses

generated with the new interleaving size when the compared
interleaving sizes are ditferent from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of the
present invention will be more apparent from the following
detailed description 1n conjunction with the accompanying
drawings, in which:

FIG. 1 1s a diagram 1llustrating a structure of turbo decod-
ing data in the conventional digital communication system;

FIG. 2 1s a schematic diagram illustrating a digital com-
munication system, according to an embodiment of the
present invention;

FIG. 3 1s a block diagram 1llustrating a configuration of a
turbo decoder, according to an embodiment of the present
imnvention;

FIG. 4 1s a block diagram 1illustrating a configuration of an
interleaved address determination unit of the turbo inter-
leaver, according to an embodiment of the present invention;

FIG. § 1s a flowchart 1llustrating a procedure for determin-
ing an 1terleaved address of a turbo interleaver, according to
an embodiment of the present invention;

FIG. 6 1s a flowchart 1llustrating steps of the interleaving
parameter mitialization process of FIG. 5, according to an
embodiment of the present invention;

FIGS. 7(a)-(c) are graphs for explaining the prime number
search process of FIG. 6, according to an embodiment of the
present invention;

FIG. 8 1s a flowchart 1llustrating steps of the interleaving
sequence generation process of FIG. 5, according to an
embodiment of the present invention;

FIG. 9 1s a flowchart illustrating steps of the interleaved
address generation process of FIG. 5, according to an
embodiment of the present invention;

FIG. 10 1s a diagram 1llustrating operations of turbo decod-
ing i a digital communication system, according to an
embodiment of the present invention; and

FIG. 11 1s a diagram 1llustrating operations of turbo decod-
ing in a digital communication system, according to another
embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE PRESENT INVENTION

Embodiments of the present invention are described in
detail with reference to the accompanying drawings. The
same or similar reference numbers may be used throughout
the drawings to refer to the same or similar components.
Detailed descriptions of constructions or processes known 1n
the art may be omitted to avoid obscuring the subject matter
ol the present invention.

FIG. 2 1s a schematic diagram illustrating a digital com-
munication system, according to an embodiment of the
present invention. In an embodiment of the present invention,
the digital communication system can be a WCDMA system
or a HSDPA system.

As shown i FIG. 2, the digital communication system
includes a transmitter 110 and a recerver 120. The transmitter
110 encodes transmission data and transmits the encoded data
over a transmission channel. The receiver 120 receives the
data over the transmission channel and decodes the recerved
data. The digital communication system 1s implemented to
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clifectively remove noise on the transmission channel. In
order to remove the transmission channel noise, the transmait-
ter 110 1s provided with a turbo encoder, and the recerver 120
1s provided with a turbo decoder.

FIG. 3 1s a block diagram 1llustrating a configuration of a
turbo decoder, according to an embodiment of the present
invention. In this embodiment, it 1s assumed that the turbo
decoder uses Maximum A Posterior (MAP) algorithm.

Referring to FIG. 3, the decoder of the receiver 120
includes a MAP decoding mechanism 210 having a first MAP
decoder 211 and a second MAP decoder 213, a turbo inter-
leaver 220, and a turbo deinterleaver 230. The MAP decoders
211 and 213 are responsible for decoding data. The first MAP
decoder 211 performs decoding on the data input 1n series,
which includes systematic components and parity compo-
nents. The turbo interleaver 220 determines interleaved
addresses for the input data. The turbo interleaver 220 per-
forms interleaving on the output of the first MAP decoder 211
with the interleaved addresses so as to change the arrange-
ment order of the data. The second MAP decoder 213 per-
forms decoding on the interleaved data output by the turbo
interleaver 220. The turbo deinterleaver 230 performs
deinterleaving on the output of the second MAP decoder 213
with the interleaved address to recover the original arrange-
ment order of the data.

The turbo decoder operates 1n a TTI unit and performs
decoding on the data received 1n a series of TT1Is. In an
embodiment of the present invention, the turbo interleaver
220 selectively determines interleaved addresses 1n a specific
code block. Specifically, when the interleaved addresses are
changed between two TTIs or two blocks, the turbo inter-
leaver 220 determines interleaved addresses.

FI1G. 4 15 a block diagram 1llustrating a configuration of an
interleaved address determination unit of the turbo inter-
leaver, according to an embodiment of the present invention.

As shown 1n FIG. 4, the interleaved address determination
unit of the turbo interleaver includes a size memory 310, a
s1ze comparator 320, a parameter 1nitializer 330, a parameter
memory 340, a parameter comparator 330, a sequence gen-
crator 360, an address generator 370, an address memory 380,
and an address determiner 390.

The s1ze memory 310 stores an interleaving size (K) of the
received data. The interleaving size can be determined as a
length of a code block. Specifically, the interleaving size
denotes a number of bits that can be decoded at a time.

The s1ze comparator 320 checks the interleaving size of the
received data, 1.e. new interleaving size. The size comparator
compares the new interleaving size and the old interleaving
s1ze stored 1n the size memory 310. The size comparator 320
determines whether the new interleaving size 1s equal to the
old interleaving size stored in the size memory 310. If the two
interleaving sizes differ from each other, the size comparator
320 updates the old interleaving size with the new interleav-
Ing size.

The parameter 1mitializer 330 calculates an interleaving
parameter with the new interleaving size of the currently
received data. If 1t 1s determined at the size comparator 320
that the new interleaving size differs from the old interleaving,
s1ze stored 1n the size memory 310, the parameter mitializer
330 calculates interleaving parameters for a rectangular

matrix (or original matrix) to be formed with the received
data. The interleaving parameters include a number of rows,
anumber of columns, a prime number (p), and a primitive root
(v) of the rectangular matrix.
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The parameter memory 340 stores at least one of the inter-
leaving parameters. The parameter memory 340 can selec-
tively store the number of rows and the number of columns.

The parameter comparator 350 checks the interleaving
parameters output by the parameter mitializer 330, 1.¢., new
interleaving parameters. The parameter comparator 350 also
compares the new interleaving parameters and the old inter-
leaving parameters stored in the parameter memory 340. The
parameter comparator 350 determines whether the new inter-
leaving parameters are equal to the old interleaving param-
cters stored in the parameter memory 340. If the new 1nter-
leaving parameters are not equal to the old parameters stored
in the parameter memory 340, the parameter comparator 350
updates the old interleaving parameters with the new inter-
leaving parameters.

The sequence generator 360 generates interleaving
sequences with new interleaving parameters. If 1t 1s deter-
mined, at the parameter comparator 350, that the new inter-
leaving parameters are not identical with the old interleaving
parameters stored in the memory, the sequence generator 360
generates new interleaving sequences with the new interleav-
ing parameters i the rectangular matrix. The interleaving
sequences include a base sequence (s, sequence), a minimum
prime sequence (g, sequence), and a permuted
prime=sequence (r; sequence). The sequence generator 360
stores the interleaving sequences. Although not depicted, the
sequence generator 360 can be provided with a sequence
memory for storing the interleaving sequences. The sequence
memory can be implemented separately from the sequence
generator 360.

The address generator 370 generates interleaved addresses
according to the interleaving sequences 1n the rectangular
matrix. The address generator 370 performs at least one of
intra-row permutation and inter-row permutation in the rect-
angular matrix according to the interleaving sequences, and
checks the interleaved address from the permutation result.
The address generator 370 can perform pruning to recheck
the interleaved address. The address generator 370 deter-
mines whether to perform pruning based on the comparison
result between the interleaved address and mterleaving size.
If the mterleaved address 1s longer than the interleaving size,
the address generator 370 performs pruning on the inter-
leaved address.

The address memory 380 stores the interleaved address of

the received data.
The address determiner 390 determines the interleaved
addresses of the currently received data, 1.¢., new interleaved
addresses. The address determiner 390 determines ones of the
interleaved addresses provided by the address generator 370
and the address memory 380 as the current interleaved
address. Specifically, if the new interleaving size 1s different
from the old interleaving size stored in the size memory 310,
the address determiner 390 determines the new interleaved
addresses generated by the address generator 370 as the cur-
rent interleaved addresses. Otherwise, 11 the new interleaving
s1ze 1s 1dentical with the old interleaving size stored in the size
memory 310, the address determiner 390 determines the old
interleaved addresses stored 1n the address memory 380 as the
current 1nterleaved addresses. The address determiner 390
updates the old interleaved addresses in the address memory
380 with the new interleaved address.

FIG. 5 1s a flowchart 1llustrating a procedure for determin-
ing an 1terleaved address of a turbo interleaver, according to
an embodiment of the present invention.

Referring to FIG. 3, in the mterleaved address determina-
tion procedure, the turbo decoder monitors to detect receipt of
data 1n step 411. The turbo decoder detects receipt of data
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when a predetermined amount of data 1s buffered in a buffer.
I1 data reception 1s detected, then the turbo interleaver 220 of
the turbo decoder checks a new interleaving size of the
received data in step 413. The size comparator 320 of the
turbo 1nterleaver 220 compares the new interleaving size with
the old interleaving size stored in the size memory 310 to

determine whether the two interleaving sizes are equal to each
other 1n step 415.

I 1t 1s determined that the two interleaving sizes are differ-
ent from each other at step 415, the parameter 1imtializer 330
ol the turbo 1nterleaver 220 calculates with the new interleav-
ing size and initializes the interleaving parameters in step
417. The s1ze comparator 320 also updates the old interleav-
ing size stored in the size memory 310 with the new inter-
leaving size. The parameter mitializer 330 calculates new
interleaving parameters for the rectangular matrix to be
tformed with the received data. The interleaving parameters
include a number of rows, a number of columns, a prime
number, and a primitive root of the rectangular matrix.

FIG. 6 1s a flowchart illustrating steps of the interleaving
parameter 1nitialization process of FIG. 5, and FIG. 7 1s
diagram 1illustrating graphs for explaining the prime number
search process of FIG. 6.

Referring to FIG. 6, the parameter iitializer 330 detects
the number of rows of the rectangular matrix from the new
interleaving size 1n step 511. The parameter imtializer 330
checks the number of rows corresponding to the new 1nter-
leaving size according to predetermined conditions shown 1n
Equation (1). The parameter nitializer 330 determines the
row 1ndex (1) from 0 to R-1 in the rectangular matrix.

5, if40=<K <159
10, 1f 160 <= K <200 or 481 < K < 3530
20, 1f K =any other value

(1)
R =

The parameter mitializer 330 searches for the prime num-
ber with the new interleaving size and the number of rows 1n
step 513. The interleaving size and prime index have the
relationship characterized by stepwise lines, as shown 1n FIG.
7. As shown 1n graph (a) of FIG. 7, when the number of rows
1s S5, the interleaving size can be 1n the range 0140 to 159, and

the prime index can be in the range of 0 to 8. As shown in
graph (b) of FIG. 7, when the number of rows 1s 10, the
1nterleavmg s1ze can be 1n the range of 160 to 200, and the
prime index can be in 3 or 4. As shown 1n graph (c) of FIG. 7,
when the number of rows 1s 20, the interleaving size can be in
the range of 201 to 5114, and the prime index can be 1n the
range of 1 to 51.

The parameter mitializer 330 determines a group corre-
sponding to the number of rows with reference to a predeter-
mined group table as shown in Table 1. Specifically, the
parameter initializer 330 checks the size range (X, X,) and the
index range (v,, v,) corresponding to the new interleaving
s1ze. The parameter mitializer 330 also calculates the prime
index (p index; y) predicted to correspond to the prime num-
ber expected to be searched with the new interleaving size
using Equation (2). In this manner, the parameter mitializer
330 can obtain a straight line 1n the s1ze range and prime index
range corresponding to the number of rows as shown 1n the
form of dotted lines 1n FIG. 7. Also, the parameter initializer
330 can calculate the prime 1ndices as shown 1n the form of

solid lines 1n FIG. 7.
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TABLE 1
X; = K=x, v, =K =<v,

R X1 X2 Y1 Yo

5 40 168 0 8
10 160 224 3 4
20 200 5100 1 51

V2 — ¥ (2)
= K—x1)+
L (K —x1)+ )1

The parameter initializer 330 also calculates the prime
number fulfilling the predetermined conditions of Equation
(3). Specifically, the parameter imitializer 330 searches for the
prime number corresponding to the prime index. If the new
interleaving size satisfies the condition 481=K<330, the
parameter 1nitializer 330 can select the prime number *53°
according to the conditions of Equation (3) without determin-
ing a group corresponding to the number of rows or calculat-
ing the prime 1ndex.

if 481sK<530,p=53

1f K=any other value, K=Rx(p+1) (3)

For example, 1f the new interleaving size 1s 156, the param-
cter 1nitializer 330 retrieves the prime imndex °7° and starts
search from the prime number ‘31’ corresponding the prime
index “7°. Specifically, the parameter initializer 330 searches
for the minimum prime number satistying the conditions of
Equation (3), increasing the prime index by 1 from 7.

Also, the parameter mitializer 330 calculates a new 1nter-
leaving size, a number of rows and a number of columns
(prime number) of the rectangular matrix. The parameter
initializer 330 calculates the number of columns from the
prime number under predetermined conditions of Equation
(4), 1n step 515 of FIG. 6. The parameter initializer 330 can
determine the indexes of 0 to C-1 columns from the lett to the
right.

if 481 <K <530, C=p (4)

p—1,1ft K< Rx(p-1)
if K = any other value, C =< p, it RX(p—-1) <K =RXp

p+1,1f Rxp<K

After obtaining the number of columns, the parameter 1ni-
tializer 330 calculates the primitive root with the prime num-
ber 1in step 317 of F1G. 6. At this time, the parameter initializer
retrieves the primitive root corresponding to the prime num-
ber from a predetermined look-up table as shown 1n Table 2.

TABLE 2
y P v
0 7 3
1 11 .
2 13 ,
3 17 3
4 19 ,
5 23 5
6 29 ,
7 31 3
R 37 ,
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TABLE 2-continued

k4 P v
9 41 6
0 43 3
11 47 5
12 53 2
13 59 2
14 61 2
15 67 2
16 71 7
17 73 5
18 79 3
19 83 2
20 89 3
21 Q7 5
22 101 2
23 103 5
24 107 2
25 109 6
26 113 3
27 127 3
28 131 2
29 137 3
30 139 2
31 149 2
32 151 6
33 157 5
34 163 2
35 167 5
36 173 2
37 179 2
3K 181 2
39 191 19
40 193 5
41 197 2
42 199 3
43 211 2
44 223 3
45 227 2
46 229 6
47 233 3
48 237 7
49 241 7
50 251 6
51 257 3

For example, 1f the interleaving size 1s 40, the parameter
initializer 330 retrieves the number of columns °5” based on
the interleaving size ‘40°. The parameter mitializer 330
retrieves the prime number “7° by searching with the new
interleaving size ‘40” and number of column °5’. Since the
value obtained by multiplying the number of rows 5" and the
prime number *7° 1s less than 40, the parameter mitializer 330
calculates the number of columns as ‘8. The parameter 1ni-
tializer 330 also calculates the primitive root as ‘3’ corre-
sponding to the prime number “7’°. In this manner the param-
cter mitializer 330 calculates the interleaving parameters for

a rectangular matrix shown below.

0 1 2 3 4 5 0 7
8 9 10 11 12 13 14 15
16 17 18 19 20 21 22 23
24 25 20 27 28 29 30 31
32 33 34 35 36 37 38 39

Returming to FIG. 5, after mmitializing the interleaving
parameters at step 417, the parameter comparator 350 of the
turbo interleaver 220 compares the new interleaving param-
cters and the old interleaving parameter stored in the param-
cter memory 340 and determines whether the new and old
interleaving parameters are equal to each other 1n step 419.

If the new and old interleaving parameters are not equal to
cach other, the sequence generator 360 of the turbo inter-
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8

leaver 220 generates interleaving sequences with the new
interleaving parameters in step 421. The old interleaving
parameters stored 1n the parameter memory 340 are updated
with the new interleaving parameters. The sequence genera-
tor 360 generates the interleaving sequences with the new
interleaving parameters 1n the rectangular matrix. The inter-
leaving sequences include a base sequence, a minimum
sequence, and a permutation sequence.

FIG. 8 1s a flowchart 1llustrating steps of the interleaving
sequence generation process of FIG. 5.

Referring to FIG. 8, the sequence generator 360 calculates
the base sequence for intra-row permutation 1n step 611. The
sequence generator 360 can calculate the base sequence with
the new interleaving parameters as shown i Equation (5).
The sequence generator 360 calculates the minimum
sequence 1n step 613. Specifically, the sequence generator
360 calculates the minimum sequence with the minimum
prime integers for individual rows. The sequence generator
360 can calculate the minimum sequence with the prime
numbers among the new interleaving parameters using Equa-
tion (6). The sequence generator 360 generates the permuta-
tion sequence in step 615, as shown 1 Equation (7). The
permutation sequence can be calculated with permuted prime
integers for individual rows.

sy =1
s(j) = (wxs(j— 1)modp,

(5)

<S(j)>j5[},l,..., p—2 :{ i=1,2,... ,(p=2)

g.cdlgi, p-1)=1, g; > 6, ()

and g; > g¢—1) foreach i=1,2, ... ,R-1

where g.c.d denotes a greatest common divisor.

(7)

Where T(1) denotes an inter-row permutation pattern for inter-
row permeation. The inter-row permutation pattern can be
determined depending on the new interleaving size as shown

in Table 3.

F"T(I):ql,lzl,z: " = ,R_l

(Ll

TABLE 3

Number of Permutation patterns

Interleaving size TOWS <T(10), T(1), ..., T(R-1)>

40 = K =159 5 <4,3,2,1,0>

160 = K = 200 or 10 <9,8,7,6,5,4,3,2,1, 0>

481 = K = 530c¢

2281 = K = 2480 or 20 <19,9,14,4,0, 2,5,7,12, 18, 16,

3161 = K= 3210 13,17,15,3,1, 6,11, 8, 10>

K = any other value 30 <19,9,14,4,0,2,5,7,12, 1%, 10,
813,17, 3,1,16,6,15, 11>

For example, 1f the new interleaving size 1s 40, the number
of rows 1s 3, the prime number 1s 7, the number of columns 1s
8, and the primitive root 1s 3; the sequence generator 360
generates a base sequence of 3 2 6 4 5°. The sequence
generator 360 generates a minimum sequence of ‘1 7 11 13
177, Also, the sequence generator 360 generates a permuta-
tion sequence of “17 13 11 7 1" using the permutation patterns
<4,3, 2, 1>.

Returning to FIG. 5, after the turbo interleaver 220 gener-
ates the mterleaving sequences, the address generator 370 of
the turbo interleaver 220 generates interleaved addresses
according to the interleaving sequences of the rectangular
matrix in step 423. The address generator 370 performs at
least one of 1intra-row permutation and inter-row permutation
according to the interleaving sequences and, as a conse-
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quence, checks the interleaved address. The address genera-
tor 370 can perform pruning to recheck the interleaved
address. Specifically, the address generator 370 compares the
interleaved address with the interleaving size to determine
whether to perform pruning on the interleaved address. It the
interleaved address 1s longer than the interleaving size, the
address generator 370 performs pruning on the interleaved
address.

If 1t 1s determined that the new interleaving parameters are
equal to the old interleaving parameters stored 1n the param-
cter memory 340 at step 419, the address generator 370 of the
turbo 1nterleaver 220 generates the interleaved address
according to the interleaving sequence in the rectangular
matrix in step 423. This means that the sequence generator
360 does not generate the interleaving sequence with the new
interleaving parameters. The sequence generator 360 pro-
vides the address generator 370 with the interleaving
sequences corresponding to the interleaving parameters
stored 1n the parameter memory 340. The address generator
370 generates the interleaved addresses based on the inter-
leaving sequences provided by the sequence generator 360.

FIG. 9 1s a flowchart 1llustrating steps of the interleaved
address generation process of FIG. 5.

Referring to FI1G. 9, the address generator 370 generates an
intra-row matrix (U) by performing intra-row permutation 1n
the rectangular matrix in step 711. The address generator 370
performs the intra-row permutation using base sequence, per-
mutation sequence, interleaving parameters, and particularly
prime number as shown 1n Equation (8). The address genera-
tor 370 generates an inter-row matrix by performing inter-row
permutation 1n the rectangular matrix in step 713. The address
generator 370 can perform the inter-row permutation accord-
ing to the permutation pattern. The address generator 370 also
checks the interleaved addresses from the inter-row matrix in
step 715. The address generator 370 can regard the individual
columns of the inter-row matrix as interleaved addresses.

i C=p,

Ui(f)=s((xrmod(p-1))j=0,1, . . . ,(p=2),U;(p-1)=0
if C=p+1,
Ui(f)=s(jxrmod(p-1)),j=0,1, . . . ,(p=2),U,(p—-1)=0,
Uip)=p
if C=p-1,
Ui(7)=s((Gxrmod(p-1))-1,/=0,1,. .. ,(p-2) (8)

For example, 1f the new interleaving size 1s 40, the number
of rows 1s 5, the prime number 1s 7, the number of column 1s
8, and the primitive root 1s 3; the address generator 370
generates the intra-row matrix shown below.

1 S 4 0 2 3 0 7
9 11 10 14 12 13 8 15
17 21 20 22 18 19 16 23
25 27 20 30 28 29 24 31
39 35 34 38 36 37 32 33

The address generator 370 also can generate the inter-row
matrix shown below. The address generator 370 can retrieves
the interleaved address in the inter-row matrix.

39 35 34 38 36 37 32 33
25 27 20 30 28 29 24 31
17 21 20 22 18 19 16 23
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-continued
9 11 10 14 12 13 8 15
1 5 4 6 2 3 () 7

Here, the address generator 370 can retrieve the interleaved
addresses 0139251791°,°352721111°,°342620104°,
‘3830221467,°362818122°,°3729191337,°3224 168
0’,and ‘333123157,

Once the interleaved addresses are obtained, the address
generator 370 compares the interleaved addresses with the
interleaving size to determine whether each interleaved
address 1s longer than the interleaving size 1in step 717. It the
interleaved address 1s not longer than the interleaving size, the
address generator 370 returns the process to repeat steps 711
to 717 to perform pruning. Otherwise, 1 the interleaved
address 1s longer than the interleaving size, the address gen-
crator 370 ends the address generating process.

Returning to FIG. 3, after the address generator 370 gen-
erates the interleaved addresses, the address determiner 390
of the turbo interleaver 220 determines the new interleaved
addresses as current interleaved addresses 1n step 425. As a
consequence, the address determiner 390 updates the old
interleaved addresses stored 1n the address memory 380 with
the new interleaved addresses. The turbo decoder performs
decoding on the received data using the new interleaved
addresses 1n step 427.

IT 1t 1s determined that the two interleaving sizes are equal
to each other at step 415, the address determiner 390 of the
turbo 1nterleaver 220 determines the current interleaved
address 1n step 425. The address determiner 390 determines
the old interleaved addresses stored in the address memory
380 as the current interleaved addresses. This means that the
parameter 1nitializer 330, parameter comparator 350,
sequence generator 360, and address generator 370 are inter-
operating with each other. The turbo decoder performs decod-
ing the received data with the current interleaved addresses.

Specifically, the turbo interleaver 220 of the turbo decoder
can determine the interleaved addresses selectively 1n specific
code block. When the mterleaved addresses are changed
between two contiguous TTTs or two contiguous code blocks,
the turbo interleaver 220 determines the interleaved
addresses.

FIG. 10 1s a diagram 1illustrating operations of turbo decod-
ing i a digital communication system, according to an
embodiment of the present invention. Part (a) of FIG. 10
shows a conventional turbo decoding process, and parts (b)
and (¢) of FIG. 10 show turbo decoding processes according
to an embodiment of the present invention. The description 1s
made of a decoding process in N” TTI (TTI#N) as denoted by
reference number 800.

The N TTI includes a plurality of code blocks (CB#O,
CB#1, ..., CB#M-2, and CB#M-1), and each of the code
blocks includes an address generation period 820 for gener-
ating interleaved addresses and a plurality of iterative decod-
ing periods 830 1n the conventional turbo decoding process as
shown 1n part (a) of FIG. 10. In an embodiment of the present
invention as depicted 1n parts (b) and (¢) of FIG. 10, however,
cach code block can be composed of a plurality of decoding
periods with or without an address generation period 820 (see
the code block 810 and code block 830). This 1s because the
turbo encoder 220 can determine the interleaved addresses
even though the interleaved addresses are not generated 1n
every code block. Specifically, 1f the interleaving size 1s not
changed in the N TT1 800, the turbo interleaver 220 can use
the interleaved addresses generated at the first code block 810
for other code blocks.
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Since the address generation period 1s negated in at least
one code block, there occurs at least one idle period in the N?
TTI 800. Such 1dle periods can be arranged at the end of the
N? TTI 800 to be used as a standby period 840. The turbo
decoder stops turbo decoding for the standby period 840,
resulting 1n reduction of power consumption. As shown in
part (¢) of FIG. 10, the 1dle periods can be used as an addi-
tional decoding period 850 of each code block, resulting in
improvement ol decoding performance.

FIG. 11 1s a diagram 1llustrating exemplary operations of
turbo decoding 1n a digital communication system according,
to another embodiment of the present invention. Part (a) of
FIG. 11 shows a conventional turbo decoding process, and
parts (b) and (c¢) of FIG. 11 show turbo decoding processes
according to another embodiment of the present invention.
The description is made of a decoding process in N and
(N+1)” TTIs 901 and 903.

A TTT includes a plurality of code blocks (CB#0, CB#1, .
.., CB#M-=-2, and CB#M-1), and each of the code blocks
includes an address generation period 920 and an decoding
period 930 composed of a plurality of iterative decoding
periods sections 1n the conventional turbo decoding process
as shown 1n part (a) of FIG. 11. In an embodiment of the
present invention as depicted in parts (b) and (¢) of FIG. 11,
however, each code block can be composed of a decoding
period with or without address generation period 920. This 1s
because the turbo encoder 220 can determine the interleaved
addresses even though the interleaved addresses are not gen-
erated in every code block in the N” and (N+1)” TTIs 901 and
903.

If the interleaving size is not changed between the N” and
(N+1)”, the turbo interleaver 220 can skip generating the
interleaved addresses for the (N+1)” TTI1903 as shown in part
(b) of FIG. 11. Also, if the interleaving parameters are not
changed between the N”* and (N+1)”, the turbo interleaver
220 can generate the interleaved addresses at the first code
block 910 of the (N+1)” TTI 903 as shown in part (¢) of FIG.
11. In this case, however, the address generation period 920 of
the (N+1)” TTI 903 is shorter than that of the N” TTI 901.

Since the address generation period 1s negated 1n at least

one code block, there occurs at least one idle period in the N?
and (N+1)” TTIs 901 and 903. Such idle periods can be

arranged at the ends of the N”” and (N+1)” TTIs 901 and 903
to be used as standby periods 940 as shown 1n the parts (b) and
(¢c) of FIG. 11. The turbo decode stops turbo decoding for
these standby periods 940, resulting in reduction of power
consumption.

As described above, the interleaved address determination
method and apparatus of the present invention 1s capable of
reducing the time for the turbo interleaver to generate inter-
leaved addresses. In the interleaved address determination
method and apparatus of the present mvention, the turbo
interleaver can perform decoding data by generating inter-
leaved addresses at minimum number of code blocks, result-
ing in reduction of decoding delay and improvement of
decoding performance.

While the present invention has been described with refer-
ence to certain embodiments thereof, 1t will be understood by
those skilled 1n the art that various changes 1n form and detail
may be made therein without departing from the spirit and

scope of the present invention, as defined 1n the appended
claims.

What 1s claimed 1s:
1. A method for determining interleaved addresses of a
turbo 1nterleaver, comprising the steps of:
receiving data;
determining whether a new interleaving size of the
received data 1s equal to a previously-stored interleaving,
S1Z€;
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when the new interleaving size 1s equal to the previously-
stored interleaving size, decoding the receirved data
using previously-stored interleaved addresses without
calculating a new 1nterleaved address; and
when the new interleaving size 1s not equal to the previ-
ously-stored 1nterleaving size:
calculating new interleaving parameters with the new
interleaving size;

determining whether the new interleaving parameters
are equal to previously-stored interleaving param-
elers;

when the new interleaving parameters are equal to the
previously-stored interleaving parameters, calculat-
ing new interleaved addresses with previously-stored
interleaving sequences; and

decoding the received data using the new interleaved
addresses.

2. The method of claim 1, further comprising:

when the new interleaving parameters are equal to the
previously-stored interleaving parameters, updating the
previously-stored interleaved addresses with the new
interleaved addresses.

3. The method of claim 1, further comprising updating the
previously-stored interleaving size with the new interleaving
S1Z€.

4. The method of claim 2, further comprising;

when the new interleaving parameters are not equal to the
previously-stored interleaving parameters, generating
new interleaving sequences with the new interleaving
parameters and generating the new 1nterleaved
addresses with the new interleaving sequences.

5. The method of claim 2, further comprising updating the
previously-stored interleaving parameters with the new inter-
leaving parameters when the new interleaving parameters are
different from the previously-stored interleaving parameters.

6. The method of claim 2, wherein the new and previously-
stored interleaving parameters comprise a number of rows, a
number of columns, prime numbers, and a primitive root of a
rectangular matrix to be formed with the received data, and
wherein calculating the new interleaving parameters com-
Prises:

predicting prime indexes with the new interleaving size
and the number of rows; and

detecting a minimum value satistying a predetermined
condition by scanning prime numbers corresponding to
the prime indexes.

7. An apparatus for determining interleaved addresses of a

turbo 1nterleaver, comprising:

a s1ze memory for storing interleaving sizes;

a size comparator that recerves data and determines
whether a new interleaving size of the recerved data 1s
equal to a previously-stored interleaving size 1n the size
memory;

a parameter memory for storing mterleaving parameters;

a parameter mitializer that calculates new interleaving
parameters with the new interleaving size when the new
interleaving size 1s not equal to the previously-stored
interleaving size;

a parameter comparator that determines whether the new
interleaving parameters are equal to previously-stored
interleaving parameters 1n the parameter memory when
the new interleaving size 1s not equal to the previously-
stored interleaving size;

an address generator that calculates new interleaved
addresses with previously-stored interleaving sequences
when the new interleaving parameters are equal to pre-
viously-stored interleaving parameters; and
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an address determiner that decodes the recetrved data using
previously-stored addresses 1n an address memory with-
out calculating a new interleaved address 1n the address
generator when the new interleaving size 1s equal to the
previously-stored interleaving size, and decodes the
received data using the new interleaved addresses when
the new 1nterleaving size 1s not equal to the previously-
stored interleaving size.

8. The apparatus of claim 7,

wherein the address generator updates the previously-

stored interleaved addresses 1n the address memory with
the new interleaved addresses when the new interleaving
parameters are equal to the previously-stored interleav-
ing parameters.

9. The apparatus of claim 7, wherein the size comparator
updates the previously-stored interleaving size 1n the size
memory with the new interleaving size when the new inter-
leaving size 1s not equal to the previously-stored interleaving
S1Z€.

10. The apparatus of claim 8, further comprising a
sequence generator that generates new 1interleaving

5
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sequences with the new interleaving parameters when the
new 1nterleaving parameters are not i1dentical to the previ-
ously-stored interleaving parameters,

wherein the address generator calculates the new inter-

leaved addresses with the new interleaving sequences
for decoding the recerved data.

11. The apparatus of claim 8, wherein the parameter com-
parator updates the previously-stored interleaving parameters
in the parameter memory with the new interleaving param-
cters when the new 1nterleaving parameters are different from
the previously-stored 1nterleaving parameters.

12. The apparatus of claim 8, wherein the new and previ-
ously-stored interleaving parameters comprise a number of
rows, a number of columns, prime numbers, and a primitive
root of a rectangular matrix to be formed with the received
data, and the parameter imitializer predicts prime indexes with
the new 1nterleaving size and the number of rows and detects
a mimimum value satisiying a predetermined condition by
scanning prime numbers corresponding to the prime indexes.
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